Introduction
Interest in health information exchanges (HIEs) is increasing due in part to the expected growth of the global electronic health record (EHR) market (Accenture 2010) . Various countries have adopted their own strategy for successful HIE, following global trends, and under the leadership of their governments. For example, the United States (US) government enacted the American Recovery and Reinvestment Act of 2009 (ARRA 2009) along with Health Information Technology for Economic and Clinical Health (HITECH) to provide US$30 billion for the promotion of EHR adoption (United States Government Accountability Office 2012). Also, the Centers for Medicare and Medicaid Services (CMS) implemented the EHR incentive program to give inducements to those who meet the 'meaningful use' criteria (Centers for Medicare and Medicaid Service 2012a) . These criteria are comprised of the elements related to the exchange of patient's clinical information. In the US, it is expected that EHR technology will be established by using the criteria of the CMS incentive program (Accenture 2010 ; Centers for Medicare and Medicaid Service 2012b) .
Canada Health Infoway is another example of support for a network of electronic records across Canada. It is a not-for-profit organisation that aims to accelerate the development and adoption of EHR. It provides funding for selected projects related to EHR use for all Canadians. These projects are funded in stages, from preparation to actual utilisation of the EHR project. In 2011, 320 projects were funded, 13% of which were related to interoperable EHR and EMR integration (Canada Health Infoway 2011) .
In Australia, the National E-Health Transition Authority (NEHTA) launched the personally-controlled electronic health record (PCEHR) in June 2012. The PCEHR is intended to enable patients to access their key health information with their health providers and to ensure information is interoperable (NEHTA 2012) .
In addition, the Australian government currently runs a Practice Incentive Program (PIP) and provides incentives to practitioners who participate in the PCEHR (Burton, Anderson & Kues 2004; Medicare 2013) .
In the US, HIE is achieving interoperability of different healthcare institutions by communicating automated health data (Department of Health & Human Services 2008) . It enables physicians to obtain their patients' missing information in order to make accurate clinical decisions (Hincapie et al. 2011; Johnson et al. 2011) . Consequently the patient will receive safe, high-quality, and highly efficient medical services at any time and in any place (Canada Health Infoway 2011; Hincapie et al. 2011; Johnson et al. 2011 , Kaelber & Bates 2007 Fontaine et al. 2010) . The ability of authorised health professionals from a variety of healthcare institutions to access test results may prevent duplicate tests being ordered, which could lead to further cost savings for the healthcare system (Hincapie et al. 2011; Fontaine et al. 2010; Walker et al. 2005; Frisse & Holmes 2007; Frisse et al. 2012) .
According to the report of the Korean Ministry of Knowledge and Economics in 2010, 66% of hospitals had adopted EMRs, and nearly all of them were running picture archiving and communication systems (PACS), which allow medical images, such as x-rays, to be stored and transmitted digitally (Economist Intelligence Unit 2011).
A pilot project in the Gyeonggi province of South Korea, was launched to promote cooperative treatment, where local hospitals and clinics exchanged patients' health information with a large hub hospital (Lee et al. 2012) . Another HIE project, established since 2007, involves a tertiary hospital that exchanges patients' emergency information with secondary hospitals. Moreover, the tertiary hospital developed a system for inquiries and automatic transmission of EMR documents in cooperation with the secondary hospitals. In 2006, a tertiary hospital developed a clinical information sharing program and established an electronic patient referral system between hospitals, by entering an agreement with 490 hospitals. Several hospitals, including the aforementioned, are providing HIE services in Korea by using autonomously developed, web-based, cooperative treatment systems between cooperating healthcare institutions. However, the data objects and HIE methods have not yet been standardised. Therefore, a common standard must be established and enforced to unify the exchange of health information between hospitals that are currently using different systems.
According to Article 6 of the Korean Standards for National Health Insurance Medical Care Expenses (The National Assembly of the Republic of Korea 2011), a patient who requires the service of a tertiary hospital must have an official transfer note from a primary or secondary health institution. With a few exceptions, in cases of emergency or delivery, patients cannot be covered by national health insurance at a tertiary healthcare institution without an official transfer note. However, the required contents of the patient's referral document are nothing more than basic data that identify the patient, and are still insufficient for health information exchange. Accordingly, the Korean government is seeking a way of inputting sufficient and appropriate information into the medical referral system for effective HIE.
The continuity of care record (CCR) is a structured format for patients' core data, which is a standard document, transferrable from one institution to another. Clinicians and professional healthcare organisations such as the Massachusetts Medical Society (MMS), the American Academy of Family Physicians (AAFP) and the American Academy of Pediatrics (AAP) actively participated in the creation of the CCR with American Society for Testing and Materials (ASTM) (Burton, Anderson & Kues 2004; Kibbe et al., 2004) . It is recommended that each data object of the CCR be entered using a coding system. However, the use of free-text is allowed where the coding system is not sufficient to enter the object. The aim of the study reported in this paper was to determine the feasibility of a CCR as the standard for an electronic version of the official transfer note and the HIE in Korean healthcare. The study was conducted to analyse the positions of various key stakeholders in order to ensure a smooth introduction of the CCR in Korea. This study focused specifically on technical, legal, and social perspectives. Furthermore, the authors thought it was important to share experiences and knowledge with other countries in need of HIE standards.
Methods
A technical review on the CCR standard was undertaken. We also undertook a stakeholder analysis (Figure 1 ). At the end of the evaluation, a stepped introduction plan for each CCR data object was suggested.
Technical review
We (S. Kim, M. Kang, S. Kim, E. Lee) reviewed each of the CCR standard specifications. In addition, we reviewed the transfer note forms of three private hospitals, as well as the official transfer note form for the national health insurance, which is a legal document ensuring the health insurance coverage of patients in tertiary hospitals. We then attempted to match the CCR data objects with those in the four transfer note forms to evaluate the feasibility of using the CCR standard as the electronic version of the official transfer note. The suitable codes that follow the coded description type in the XML of the CCR specifications were also recommended. Standard codes that are currently in use in most Korean healthcare organisations and codes that are easy to capture were selected first. If new standards were needed to be introduced, the possibility of a Korean healthcare organisations' acceptance or rejection was considered.
Stakeholder analysis
The stakeholder analysis was composed of three different methods: first, an online survey of members of the Korean Society of Medical Informatics (KOSMI), to find their comfort level with sharing personal information; second, a public hearing amongst stakeholders, including representatives of doctors, vendors, consumers, academic societies and policy makers in order to discuss policies related to the adoption of HIE; and finally, a focus group meeting to determine which HIE data objects are technically applicable from the vendors' point of view ( Figure 1 ).
Online survey
An online survey was conducted to collect opinions on which CCR data objects should be selected by consumers. KOSMI members were selected as surrogates of consumers. Emails were sent twice to 5,109 KOSMI members (3 and 18 November 2011) whereby members were directed to visit the survey website and complete the survey online.
The survey contained the respondent's demographics and the questions regarding the level of necessity of the 17 data objects in the body of the CCR document object. Instead of using data objects 'support', 'patient demographics' were used, as suggested by Google Health. Among these modified data objects, the respondents were asked to indicate what they considered would be necessary for the electronic version of the official transfer note, at three different levels: mandatory, optional and unnecessary.
Public hearing
A public hearing was held to discuss HIE policy. The main event was held on 3 December, 2011, in accordance with decisions from a preliminary meeting, which had been held a month earlier with stakeholders to discuss the contents, format, and potential participants. The Minister of Health and Welfare sent official invitation letters to the Korean Medical Association (KMA), Korean Hospital Association (KHA), National Health Insurance Service (NHIS), KOSMI, vendors and NGOs representing consumers. Representatives of all invited institutions and government attended the hearing. The public hearing was open to the general public and announced through a variety of sources; namely, the web sites of KMA and KOSMI, and an official newspaper of KMA. An introduction to the HIE, results of the online survey, and future plans of the government, including changes in regulations and laws, were presented followed by detailed discussions from each of the invited representatives.
Focus group meeting
A focus group meeting was held with major EMR vendors in Korea. The focus group meeting was convened by sending an official invitation letter from the Minister of Health and Welfare to five vendors. The vendors were selected based on their market share and experience in EMR systems in Korea. Eight experts also participated in the meeting. Six were vendors and two were from the Korea Health and Welfare Information Service (KHWIS) and therefore, represented the government. The focus group meeting (which took approximately 120 minutes) was held on 12 December 2011 to discuss the technical feasibility and the phases of adopting the CCR standard.
Three main questions were put to the vendors and discussion based on these questions followed: 'Can your EMR product cover the items of the official transfer note and CCR standard?'; 'Is your EMR product capable of exporting EMR data to CCR standard?'; 'How long does each item in CCR standard take to be adopted in your EMR product?', The participants was asked to classify the CCR data objects into three periods: immediate, short-term, and long-term periods, based on technically adoptable time in five years according to the result of the third question. Analysis SAS version 9.2 was used for the analysis of online survey data. Descriptive statistics were drawn from the demographic data. The answers of the survey were sorted according to optionality to see which data object should be included in the Korean PHR standard.
The conversation of focus group meeting was recorded and noted. Discussion about each question was continued until a consensus was met. Discussion ensued, after which we had the debriefing session to finalise the meeting, which was summarised by the moderator. The recording was reviewed to validate the result. The public hearing was also recorded and then transcribed. The transcription was summarised and result were presented.
Results

Technical review
The official HIE transfer note form is shown in Figure  2 . Basic patient information, disease status, and data on encounters is recorded on this form. The results for matching each element on the official transfer note form with the CCR attributes are described as follows.
The basic patient information consists of the patient's name, address, and telephone number. Their matches are as follows: 'actor' 'name'; 'actor' 'address'; and 'actor' 'telephone'. In Korea, the resident registration number is a unique data object that is not applicable elsewhere. It is an identification number assigned to all Korean residents and is different from the social security number of the US. It was decided that the resident registration number would be matched with 'IDs'. The guardian information was matched with 'support', the diagnosis problems and codes, with 'problems' 'description', and the type of encounter, with 'encounter' 'type'. Information on healthcare institutions, such as the hospital identifica- 
x = not applicable and o = applicable tion number, location, representative, and physician's name, are listed under 'actor' in the CCR footer. The CCR attributes and data object column in Table 1 , list the 17 data objects in the body of the CCR document objects. Also, in the online survey column, the official transfer note column, and the three hospital transfer notes columns, it was checked if the CCR data object in a line is applicable, or not, to each column. The phase of introduction column shows the phase, in which, the final data object in each line can be adopted.
SNOMED-CT and ICD-9-CM were recommended for coding problems in the US. However, the Korean version of ICD-10, the Korean Classification of Diseases (KCD), is widely used in Korea for billing and vital statistics. KCD was the primary coding system to be recommended for describing problems. In addition, the Korean Standard Terminology of Medicine (KOSTOM), which was developed based on UMLS and optimised for Korean health information systems (Korea Health and Welfare Information Service 2012), was recommended for the description of other symptoms, signs, and diseases that KCD could not code.
SNOMED-CT, LOINC (Logical Observation Identifiers Names and Codes), and CPT (Current Procedural Terminology) were recommended for the CCR specifications to describe and code procedures. The Korean EDI (Electronic Data Interchange) code has the same role as CPT in the US or MBS (Medicare Benefits Schedule) in Australia. EDI is the Korean standard for health interventions for health insurance claims. There are about 5,500 interventions in it, and its granularity is not good enough to enable it to carry all the information in the hospital. It was recommended, however, due to the ease of its capture of the health interventions. LOINC and KOSTOM were recommended for the data objects to which the EDI code is not applicable.
Instead of RxNorm (National Library of Medicine 2014) or NDC (National Drug Code) as the medication standard, the Korean drug codes (KD codes) developed by the Health Insurance Review & Assessment (HIRA) service were expected to be used. The KD code is a set of codes that unify the product barcode and the health insurance claims code. It enables the recognition of each medication at the unit level.
Finally, LOINC and the EDI code were recommended for the procedures that generate results. The Korean government has been trying to introduce LOINC, as its granularity is fine enough to support semantic interoperability, but LOINC is still being used less frequently than the EDI code. Nevertheless, the Korean government still supports LOINC, in addition to EDI code, as standard codes (Table 2) .
Stakeholder analysis Online survey
One hundred and ninety-six completed questionnaires were collected. Among them, were 145 questionnaires, in which all questions were answered with no missing items were analysed. The response rate was 2.8%.
Respondents to the online survey comprised of 67 males (46.2%) and 78 females (53.8%). Most of them were in their 30s (48.3%), followed by those in their 20s (23.4%) and 40s (21.4%). They identified themselves as non-healthcare-related workers in 45.5%, and the remainder of respondents were in medical/ healthcare related fields. Ninety-nine percent of them were college graduates (Table 3) . The degrees of necessity for the 17 data objects were identified as mandatory, optional, and unnecessary by each respondent (Table 4) . 'Social history', 'payers', and 'encounters' were most often marked as optional and unnecessary, while 'allergies and alerts', 'medication list', 'problems/diagnosis', 'results', and 'procedures' were predominantly considered as mandatory. Advanced directives are legal documents that allow patients to spell out their end-of-life care decisions ahead of time. The corresponding data object, 'advanced directives', was checked as mandatory in 68.3% of responses. Considering that advanced directives are not popular in Korea, the number was higher than expected.
Public hearing
The Korean Medical Association (KMA) stated that they officially disagree with the exchange of clinical information, not because it is not clinically useful, but because it has the potential to create a legal conflict. The view of the KMA is that government intervention on health information of patients may create a precedence which may violate both physicians' intellectual properties and patients' personal information. The KMA has also indicated that they believe there is a conflict between the Korean Medical Service Act and the Privacy Act, as the former requires storage and sharing of patient's health information among clinicians, whilst the latter claims that no one can take advantage of personal information without the permission of the owner, the patient. Therefore the legal conflict between these two laws has to be resolved in order to continue the discussion of HIE implementation.
In light of their concerns, the government declared that the HIE has to be built upon a consensus of stakeholders by gathering sufficient opinions to carry forward the plan in the long term. Other representatives were either positive, or neutral, towards the introduction of the HIE.
Focus group meeting
From an industry point of view, the process of gathering CCR object related data from EMRs is difficult because of insufficient or un-coded patient data. Expert discussion identified that there is no technical problem in achieving the direct export of patient data, and as a result, the information described in the official transfer note form can be used in the early stages of CCR introduction. However, the adoption period depends on the characteristics of CCR data objects, and consequently the timing of their introduction might vary. Consequently, the time of technical adoption was divided into the following three phases:
(1) Phase 1: Immediate adoption of the data objects that are directly available from current EMRs and are used for the electronic official transfer note.
(2) Phase 2: Short-term adoption of the data objects recorded in free text in the EMRs, for which, several years of preparation are expected before they are included in the CCR.
(3) Phase 3: Long-term adoption of the data objects that are written in free text and also spread throughout the EMR system. These characteristics will make it much more difficult to gather patient information and impossible to obtain the necessary data from the current EMRs. Also, data objects we consider as being potentially culturally resisted will need a much longer time to be adopted in the Korean medical referral system.
' Alerts' and 'family history' were classified under Phase 2; 'results', 'advanced directives', 'functional status', 'medical equipment', 'vital signs', 'plan of care', and 'social history', under Phase 3; and the remaining data objects, under Phase 1 (Table 1) .
Discussion
All the data objects in the official transfer note form match those in the CCR standard. The technical feasibility of using the CCR data objects can accelerate the CCR adoption. However, in the online survey, the respondents did not want to include 'Social history' among the CCR data objects. This phenomenon is considered as indicative of cultural resistance, which arises when a different culture enters a region, or a country, and creates conflict between people (Leidner & Kayworth 2006) . In this situation, Koreans feel uncomfortable with sharing personal information that is not directly related to their health. In addition, advanced directives in Korea are still uncommon in clinical settings and are unspecified in the law. The online survey results revealed however that 68.3% of the respondents considered this field mandatory. This indicates that users already have insight into advanced directives, but the Korean medical system and the law cannot follow them. As a consequence, we decided to include them in Phase 3 of the CCR adoption.
Differences in the Korean healthcare system from those of other countries were considered. In the case of 'health insurance', the US has diverse health insurance systems, and there is therefore a need for information related to health insurance. However, the Korean government has a unified insurance system for the nation, and as a result not as much information on health insurance is needed as compared to the US. In the US, when two institutions exchange health information, SNOMED-CT is recommended for use, free of charge, because of the contract between the US government and the International Health Terminology Standards Development Organization (IHT-SDO). SNOMED-CT is in the propriety domain in Korea, and therefore it has fewer users. In addition, SNOMED-CT does not officially support Korean language. Therefore, the authors recommend the use of KOSTOM instead of SNOMED-CT.
Unlike other standards, the CCR was created from the active participation of clinicians and a summary of the patient's health status related data objects were chosen by them. As modern medicine is the mainstream of healthcare service in Korea, there are no reasons why as many objects as possible should not be adopted, if current health information systems technology and healthcare settings can be supported. Thus, we did not ask clinicians about their preferences of data objects, but instead focused on their opinion for them related to the introduction of the HIE. Therefore, we opened a public hearing with other stakeholders.
An online survey was done to find out the consumer's preference for the CCR data objects by sending an email to 5,109 KOSMI members. One hundred and forty five answers were received which gives a response rate of 2.8%. The low response rate is a limitation of this survey. The members of KOSMI may not be considered as the representative of the general public. However, there are previous studies that reported consumers' perceptions of PHR or HIE in Korea. These similar studies revealed different results to our study. Whilst one study reported that HIE would be helpful with understanding of the concept of PHR (Sim 2013) , in another paper, only 19.2% of the respondents were aware of the PHR for the HIE (Koh & Jang 2013) . Given this, when designing the study we considered that a survey given to consumers was unlikely to have discriminatory power. In our study we decided, therefore, to undertake an online survey with KOSMI members who could technically and conceptually understand the HIE.
The proportion of Korean people who graduated from college or have a higher educational degree is 40.0% as of 2010 (Statistics Korea 2010). However, the level of education of all subjects is at least a college graduate or more advanced degree, with the exception of one person, and this is because they were selected from an academic society. The accessibility to healthcare services is usually very good, both economically and geographically in Korea. The consumer can visit specialists as primary care physicians, which makes tertiary hospitals competitors of specialists in primary and secondary institutions, and also makes consumers and physicians reluctant to use the HIE. Therefore, we have focused on people who can technically and conceptually understand the HIE. Uneven levels of education may also be considered as a limitation of the study even though it was accepted from the beginning of the study, but the results cannot be generally applicable to other countries.
The first step to further support HIE is in the legal area, where there needs to be consolidation of conflicts among related laws. Once the legislation takes effect, health information can be exchanged legally between health institutions. Also, the steady and persistent barriers to HIE, such as security and privacy issues, technical barriers and lack of standards, should be addressed one by one (Anderson 2007; Simon et al. 2008) .
Conclusion
By meeting various experts, this study explored the technical, legal, and social aspects considered by key stakeholders as impacting on adopting CCR as the HIE standard in Korea. From the focus group meeting, it was considered that there are no technical problems with generating CCR standard documents from EMRs. In addition, the data objects in the CCR standards can be directly applied to the official transfer note form. Matters of concern which arose from the study results should be resolved with time and consultation.
